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57 ABSTRACT 

A novel code and method of code construction is disclosed. 
The disclosed code is a half rate block code designed to 
function optimally in a Raleigh fading channel. The dis 
closed code and method may be implemented in an 8-ARY 
QPSK modulation system. An alternative embodiment is a 
code and method of code construction for use in a 16-ARY 
QPSK modulation system. Both codes are systematic and 
use four symbols to represent two symbols. The first two 
symbols of the code are the information symbols. The 
Second two Symbols are parity Symbols. The parity Symbols 
are Selected to provide maximum Euclidean distance 
between code words. 

5 Claims, 8 Drawing Sheets 
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HALF RATE CODED MODULATION 
SCHEMES FOR RAYLEIGH EADING 

CHANNELS 

BACKGROUND OF THE INVENTION 

(a) Field of the Invention 
The present invention relates generally to coding Schemes 

for communication Systems and, more particularly, to half 
rate block coded modulation Schemes for use in Rayleigh 
fading channels. 

(b) Description of Related Art 
Hamming distance and product distance are two well 

known metrics used to measure the “separation' of com 
munication Symbols. In general, the amount of Separation 
corresponds to the ease with which communication Symbols 
will be confused. The Hamming distance represents the 
number of symbols that are different between two code 
words. For example, the Hamming distance between binary 
code words 010 and 101 is three, and the Hamming dis 
tances between 010 and 000 is one. The greater the Ham 
ming distance between two code words the less likely that 
the code words will be confused. 

Euclidean distance is the measurement of the Separation 
between transmitted code words in a communication SyS 
tem. Specifically, it is the measure of the distance between 
two Symbols on the communication code word bit map. In 
a 8 phase shift keying communication System, for example, 
if a carrier phase of 0 represents the code word 001 and a 
carrier phase of 180 represents code word 011, the code 
words have maximum Euclidean distance. Conversely, if the 
code word 001 is represented by a word 011, the code words 
have maximum Euclidean distance. Conversely, if the code 
word 001 is represented by a phase of 0, and the code word 
is 100 is represented by a phase of 45, the Euclidean 
distance is a minimum. 

Two typical communication channel models are Gaussian 
and Rayleigh channels. A Gaussian channel is modeled as a 
channel having an additive noise factor. In a Gaussian 
channel the power received is essentially the power trans 
mitted reduced by a distance attenuation factor and a noise 
power component. When attempting to Send information 
through a Gaussian channel it is useful to maximize the 
Euclidean distance between code words to alleviate confu 
Sion between the transmitted phases. However, it is not 
particularly helpful to maximize Hamming distance because 
Signal power is usually adequate to determine the informa 
tion contained in the phase of the transmitted Signal. 
A Rayleigh communication channel is characterized as a 

fast fading channel having multipath communication com 
ponents that interact constructively and destructively. The 
multipath components can cause the power received to 
decrease to Zero. Since receive power can drop out com 
pletely in a Rayleigh channel, Euclidean distance in not 
critical because the underlying principle behind Euclidean 
distance is the elimination of the confusion between the 
phases of the various received signals. In a Rayleigh channel 
the Signal may not even be present. Therefore, the Hamming 
distance is critical to System operation. If the Hamming 
distance between two Signals is large, even partial loSS of the 
received signal may not inhibit the determination of the 
transmitted code word. 

The Rayleigh channel model is commonly used when 
designing a mobile communications System Such as cellular 
or wireless local network Systems. A known coding Scheme 
developed to function in a Rayleigh channel is the trellis 
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2 
coding modulation Scheme. Trellis coding has three main 
features. First, trellis coding provides additional points in the 
communications constellation for redundancy and forward 
error correction. Second, trellis coding uses convolutional 
coding to introduce dependency between Successive signal 
points, Such that only certain Signal patterns are permitted in 
the System. Third, Soft decision coding is performed at the 
receiver in which the permissible Sequence of Signals is 
modeled as a trellis Structure. Trellis coding has the disad 
Vantage of being computationally intensive and, therefore, 
Slow and occasionally difficult to implement in Systems not 
having large computational capacity. 

Thus, it would be desirable to have a coding scheme for 
use in a Rayleigh channel that is fast, computationally 
Simple, and can be easily implemented. 

SUMMARY OF THE INVENTION 

A method of code construction is disclosed, the method 
includes the Steps of creating a look-up table comprising 8 
groups numbered 0-7 and 8 rows numbered 0-7, the inter 
Section of a group and a row referred to as a cell, each cell 
in Said look-up table having 4 columns, filling the first 
column of every cell in said look-up table with the number 
of the group in which the cell is located; filling the Second 
column of every cell in said look-up table with the number 
of the row in which the cell is located. The method further 
includes the steps of Sequentially choosing Symbols 135 
apart for 8-PSK, resulting in maximum Euclidean distance 
for column three. The method then performs the function of 
copying the contents of column three in group 0 to column 
three in all other groups, Such that column three of all cells 
in a row are the same, Shifting the contents of column three 
for all rows in a group, up a number of rows equal to the 
group number, Such that as contents move from row 0 they 
move to row 7. 

The Symbols for column four are created by calculating a 
Symbol having optimum Euclidean distance for column four 
of a cell in group Zero and placing Said Symbol in column 
four of Said cell, this proceSS is repeated until column four 
of all cells in group Zero have been filled; copying the 
contents of column four in group 0 to column four in all 
other groups, Such that column four of all cells in a row are 
the Same, Shifting the contents of column four for all rows 
in groups one, two, and three, down by two, five, and Six 
rows, respectively, Such that as contents move from row 7 
they move to row 0; and shifting the contents of column four 
for all rows in groups five, Six, and Seven, down by one, 
Seven, and three rows, respectively, Such that as contents 
move from row 7 they move to row 0. 

In alternate embodiment, a code for use over GF(16) may 
be created by the following Steps: creating a look-up table 
comprising 16 groups numbered 0-15 and 16 rows num 
bered 0-15, the intersection of a group and a row referred to 
as a cell, each cell in Said look-up table having 4 columns, 
filling the first column of every cell in said look-up table 
with the number of the group in which the cell is located; 
filling the Second column of every cell in Said look-up table 
with the number of the row in which the cell is located; 
calculating a Symbol having maximum Euclidean distance 
for column three of a cell in group Zero and placing Said 
Symbol in column three of Said cell, and repeating this 
process until column three of all cells in group Zero have 
been filled; copying the contents of column three in group 0 
to column three in all other groups, Such that column three 
of all cells in a row are the Same, and Shifting the contents 
of column three for all rows in a group, up a number of rows 
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equal to the group number, Such that as contents move from 
row 0 they move to row 15. 
Column four is completed by calculating a Symbol having 

maximum Euclidean distance for column four of a cell in 
group Zero and placing Said Symbol in column four of Said 
cell and iterating until column four of all cells in group Zero 
have been filled; copying the contents of column four in 
group 0 to column four in all other groups, Such that column 
four of all cells in a row are the Same, shifting the contents 
of column four for all rows in groups 1 to 7, down a number 
of rows equal to the group number, Such that as contents 
move from row 15 they move to row 0; and shifting the 
contents of column four for all rows in groups 8 to 14, down 
a number of rows equal to the group number Subtracted from 
15, such that as contents move from row 15 they move to 
row 0. 

The codes generated have four Symbols that represent 
information to be sent, wherein the first two symbols are the 
information to be sent and the Second two Symbols are parity 
symbols, wherein the third and fourth symbols are chosen to 
have maximum Euclidean distance. The code Symbols may 
be between either 0 and 7 or 0 and 15. 

The invention itself, together with further objects and 
attendant advantages, will best be understood by reference 
to the following detailed description, taken in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a graphical representation of a GF(8) Signal 
Space, 

FIG. 2 is a representation of a QPSK system using the 
present invention; 

FIG. 3 is a look-up table containing the codes used by the 
encodes shown in FIG. 2; 

FIG. 4 is a flow diagram for generating codes according 
to the present invention for use with GF(8) system; 

FIG. 5 is a representation of a QQPSK system using the 
present invention; 

FIG. 6 is a look-up table containing the codes used by the 
encoder shown in FIG. 5; and 

FIG. 7 is a flow diagram for generating codes according 
to the present invention for use with a GF(16) system. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention is a Systematic (4,2) code that may 
be implemented in a 3-ARY phase shift keying (PSK) 
system over GF(8). GF(8) is understood in the art to mean 
that three bits are transmitted per Symbol (i.e., the largest 
number that may be transmitted is seven). FIG. 1 is a 
graphical representation of the Signal Space and representa 
tive codes of a 8-PSK system. This type of diagram is well 
understood in the art to represent the connection between 
carrier phase and transmitted information. 

FIG. 2 is exemplary of a 8-PSK communication system 
employing the present invention. The communication SyS 
tem includes a transmission component 10 and a reception 
component 20. The transmission component 10 includes an 
information symbol generator 25, an encoder 30, an inter 
leaver 35, and a PSK transmitter 40. The information symbol 
generator 25 produces Symbols that are to be transmitted. 
The Symbols may represent, for example, a digitally 
Sampled version of a linear predictive modulated Voice 
Signal. Information bits representing the quantized Voice 
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4 
Signal are used as an address for the encoder 30, which looks 
up parity Symbols that are appended to the information 
symbols before transmission. The interleaver 35 converts 
the information Symbols and associated parity Symbols into 
binary Signals that are distributed amongst a number of 
transmission frames. The interleaved bits are coupled to the 
PSK transmitter 40. The PSK transmitter 40 performs the 
function of converting the binary information into a PSK 
Signal for transmission as Specified by the constellation 
shown in FIG.1. The functions performed by blocks 30 and 
35 may be software functions that are implemented by a 
digital signal processor (DSP) or any other Suitable process 
ing device. 
A look-up table containing coding for transmission 

encoder 30 is shown in FIG. 3. The code shown in FIG. 3, 
along with the method of its construction, are the objects of 
the present invention. The table as shown in FIG. 3 is 
composed of 8 groups, each group having 8 rows. A cell 
represents a specific row of a specific group. Each cell has 
four columns representing four code Symbols. The first two 
columns in each cell match the group and row location of the 
cell and are referred to as the information symbols. The 
Second two columns of the cells are referred to as parity 
symbols. The symbols from the information symbol gen 
erator 25 are used to address the appropriate parity bits from 
FIG. 3. For example, if the information symbol generator 25 
outputs the code 15, the encoder 30 uses 15 as an address 
to find the appropriate code to be transmitted. In this case, 
the encoder 30 finds the code 1525 and couples a signal 
representative of that code to the interleaver 35. The PSK 
transmitter 40 converts each symbol into a 3 bit binary 
Sequence and further converts the binary Sequence into 
phase modulation Signals. 

Referring again to FIG. 2, the reception component 20 
includes a differential demodulator 45, which processes the 
in-phase and quadrature components of the received signal 
to recover the transmitted information. The demodulator 45 
processes the in-phase and quadrature components to yield 
a bitstream that is fed to a deinterleaver 50, which processes 
the received bit information to recover the information that 
was originally coupled to the interleaver 35 in the transmis 
sion component 10. The decoder 55 recovers the information 
from the received signals. The output of the decoder 55 may 
be coupled to a digital-to-analog converter (DAC) or, 
alternatively, may be coupled to another processor. The 
functions performed by blocks 50 and 55 may be performed 
by individual components or by a digital Signal processor 
(DSP). 

FIG. 4 is a flow diagram representing the method by 
which the parity symbols in FIG. 3 are generated. As shown 
in FIG. 4, a block 100 generates a matrix having eight rows 
and eight groups, and each cell of the matrix has four 
columns. AS previously described, the first two columns in 
each group cell match the group and row position of each 
cell, and a block 110 performs the function of copying the 
row and group numbers into the cells. 
A block 120 performs the function of calculating the 

maximum Euclidean distance for the third column in each 
cell of the group 0. After the symbols for column three of 
group 0 have been calculated and filled into the table shown 
in FIG. 3, a block 130 performs the function of filling in the 
column three in groups 1-7. This is completed using a two 
Step proceSS. First, the contents of column three of group 0 
is copied into column three of all groups. The contents new 
of column three of groups 1-7 are then shifted up by the 
number of rows equal to the group number. For example, the 
contents of column three of group 2 are all shifted up two 
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rows compared to the contents of column three group 0. The 
cell contents that wrap over the top of the table are moved 
to the bottom of the table in the same group and column. 
A block 140 calculates symbols with optimum Euclidean 

distance for the fourth column in group 0. A block 150 
copies the contents of the fourth column of group 0 into the 
fourth column of all groups. After the contents have been 
copied, the fourth column of groupS 1, 2, and 3 are shifted 
down two, five, and Six rows, respectively. Cell information 
from the bottom of the table is transferred to the top of the 
table. The fourth column of groups 5, 6, and 7 are shifted 
down by 1, 7, and 3 rows, respectively. 

The probability of error in a communication System may 
be modeled by Equation (1), where P, (a,c)is the error 
probability, L' is the Hamming distance, T is the average 
signal-to-noise ratio (SNR), do (a,c) is the Euclidean 
distance, and pd is the product distance, which may be 
represented by Equation(2). 

1 (1) 

L. (2) -l. 
L. 

LI IT di (a,c) = di (a,c) 

For a high SNR the dominating term of Equation (1) is the 
Hamming distance or the branch diversity. However, at low 
SNR both product distance and branch diversity become 
important. Branch diversity is defined as the number of 
different symbols between two code words. An optimal 
solution was obtained which yielded a branch diversity of at 
least two between two groups and at least three between all 
other groups. 

In an alternative embodiment, this coding Scheme may be 
used over a larger Symbols space Such as GF(16), which uses 
four bits per symbol (16-ARY PSK). A further modification 
could be the use of a quadrature-quadrature phase shift 
keying (QQPSK) modulation scheme, which is known in the 
art. 

FIG. 5 is a representation of a QQPSK communication 
System employing the present invention. The communica 
tion System generally includes a transmission component 
190 and a reception component 195. The transmission 
component 190 includes an information symbol generator 
200, an encoder 210, a splitter 220, two interleavers 230,235 
and two QPSK transmitters 240, 250. Symbols from the 
information symbol generator 200 are passed to the encoder 
210, which uses the information symbols to address a 
look-up table (FIG. 6) to find the appropriate parity symbols. 
The encoder 210 passes the information symbols along with 
the parity symbols to the splitter 230, which performs the 
function of splitting the signals from the encoder 210 into 
two Separate Signals which are coupled to two interleavers 
230, 235, which interleave the symbols among a number of 
transmission frames. The outputs of the interleavers 230, 
235 are coupled to two QPSK transmitters 240, 250. The 
QPSK transmitters 240,250 use the signals from the inter 
leavers 230, 235 to modulate carrier waves to the appropri 
ate phases to transmit the required information. 
The reception component 195 includes two differential 

demodulators 260, 270, two interleavers 280, 290, and a 
decoder 300. The differential demodulators 260,270 receive 
information signals from the QPSK transmitters 240, 250. 
After the information has been demodulated the Signals are 
passed to deinterleavers 280, 290, which reassemble the 
received data from numerous transmission frames into a 
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6 
Sequence of Signals identical to those fed to interleaverS 230, 
235. Information from the deinterleavers 280, 290 is fed to 
the decoder 300 which recovers the information from the 
received signals. The output of the decoder 300 may be 
coupled to digital-to-analog convertor (DAC), or 
alternatively, may be coupled to another processor. 

Turning now to FIG. 7, a block 300 generates a matrix 
having fifteen rows and fifteen groups, each group having 
four columns. The first two columns in each group cell 
match the group and row position of each cell, and a block 
310 performs the function of copying the row and group 
numbers into the cells. 
A block 320 performs the function of calculating the 

maximum Euclidean distance for the third column in each 
cell of the group 0. As previously described, the probability 
of error in a communication System may be modeled by 
Equations (1) and(2). 

After the symbols for column three of group 0 have been 
calculated and filled into the look-up table, a block 330 
performs the function of filling in column three in groups 
1-15. This is completed using a two step proceSS. First, the 
contents of location three of column 0 are copied into 
column three of all other groups. The new contents of 
column three of groups 1-15 are then shifted up by the 
number of rows equal to the group number. The cell contents 
that wrap over the top of the table are moved to the bottom 
of the table in the same group and column. 
Ablock 340 calculates symbols with maximum Euclidean 

distance for the fourth column in group 0, this is accom 
plished using equations (1) and (2). A block 150 copies the 
contents of the fourth column of group 0 into the fourth 
column of groups 1 to 5. The contents of column four of 
groups 1 to 7 are then shifted down by the number of rows 
equal to the group number. The cell contents that wrap over 
the bottom of the table are moved to the top of the table in 
the same group and column. the fourth column of groups 5, 
6, and 7 are shifted down by a number of rows equal to the 
group number Subtracted from 15. 
The present invention is a Systematic code and a method 

of construction therefor. AS disclosed the code may be 
implemented in PSK systems over GF(8) or GF(16). The 
code provides good performance in Rayleigh fading chan 
nels. The code and method of construction are computation 
ally efficient and Simple to implement. 
Of course, it should be understood that a range of changes 

and modifications can be made to the preferred embodiment 
described above. For example, the codes may be extended to 
other GF fields and the rate of the code could be other than 
%. It is therefore intended that the foregoing detailed 
description be regarded as illustrative rather than limiting 
and that it be understood that it is the following claims, 
including all equivalents, which are intended to define the 
Scope of this invention. 
What is claimed is: 
1. A method of constructing a communication code, the 

Steps comprising: 
(a) creating a look-up table comprising 8 groups num 

bered 0-7 and 8 rows numbered 0-7, the intersection of 
a group and a row referred to as a cell, each cell in Said 
look-up table having 4 columns, 

(b) filling the first column of every cell in said look-up 
table with the number of the group in which the cell is 
located; 

(c) filling the Second column of every cell in Said look-up 
table with the number of the row in which the cell is 
located; 

(d) calculating a symbol having maximum Euclidean 
distance for column three of a cell in group Zero and 
placing Said Symbol in column three of Said cell; 
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(e) iterating (d) until column three of all cells in group 
Zero have been filled; 

(f) copying the contents of column three in group 0 to 
column three in all other groups, Such that column three 
of all cells in a row are the same; 

(g) shifting the contents of column three for all rows in a 
group, up a number of rows equal to the group number, 
Such that as contents move from row 0 they more to 
row 7: 

(h) calculating a symbol having maximum Euclidean 
distance for column four of a cell in group Zero and 
placing Said Symbol in column four of Said cell; 

(i) iterating (h) until column four of all cells in group Zero 
have been filled; 

(j) copying the contents of column four in group 0 to 
column four in all other groups, Such that column four 
of all cells in a row are the same; 

(k) shifting the contents of column four for all rows in a 
groups one, two, and three, down by two, five, and Six 
rows, respectively, Such that as contents move from 
row 7 they move to row 0; 

(l) shifting the contents of column four for all rows in a 
groups five, Six, and Seven, down by one, Seven, and 
three rows, respectively, Such that as contents move 
from row 7 they move to row 0. 

2. A method of constructing a communication code, the 
Steps comprising: 

(a) creating a look-up table comprising 16 groups num 
bered 0-15 and 16 rows numbered 0-15, the intersec 
tion of a group and a row referred to as a cell, each cell 
in Said look-up table having 4 columns, 

(b) filling the first column of every cell in said look-up 
table with the number of the group in which the cell is 
located; 

(c) filling the Second column of every cell in Said look-up 
table with the number of the row in which the cell is 
located; 

(d) calculating a symbol having maximum Euclidean 
distance for column three of a cell in group Zero and 
placing Said Symbol in column three of Said cell; 
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(e) iterating (d) until column three of all cells in group 

Zero have been filled; 
(f) copying the contents of column three in group 0 to 

column three in all other groups, Such that column three 
of all cells in a row are the same; 

(g) shifting the contents of column three for all rows in a 
group, up a number of rows equal to the group number, 
Such that as contents move from row 0 they move to 
row 15: 

(h) calculating a symbol having maximum Euclidean 
distance for column four of a cell in group Zero and 
placing Said Symbol in column four of Said cell; 

(i) iterating (h) until column four of all cells in group Zero 
have been filled; 

(i) copying the contents of column four in group 0 to 
column four in all other groups, Such that column four 
of all cells in a row are the same; 

(k) shifting the contents of column four for all rows in 
groups 1 to 7, down a number of rows equal to the 
group number, Such that as contents move from row 15 
they move to row 0; 

(1) shifting the contents of column four for all rows in 
groups 8 to 14, down a number of rows equal to the 
group number Subtracted from 15, Such that as contents 
move from row 15 they move to row 0. 

3. A set of communication codes comprising: 
four Symbols that represent information to be sent, 

wherein the first two symbols are the information to be 
Sent and the Second two Symbols are parity Symbols, 
wherein the third and fourth symbols are chosen to 
have maximum Euclidean distance. 

4. The code of claim 3, wherein said symbols may have 
values between 0 and 7. 

5. The code of claim 3, wherein said symbols may have 
values between 0 and 15. 


